Keywords: human behavior model, hybrid system, man-machine cooperative system, power assist system Recently, the man-machine cooperative system is attracting great attention in many industrial fields. Although there are many studies focusing on the design of the assist controller, the human model was not explicitly included in the design process. One of the main reasons of this was that the mathematical model of the human behavior often results in a nonlinear complex model, and is not convenient for the design of the assist controller. So far, we have developed a new human behavior modeling technique based on a continuous/discrete hybrid dynamical system (HDS) description. This paper presents a new design strategy of a switched assist controller of a man-machine cooperative positioning task, which is based on the hybrid human behavior model as shown in Fig. 1 .
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In this paper, the positioning task as shown in Fig. 2 was investigated. Two examinees executed the positioning tasks by using power assisted one d.o.f. robot system. The impedance control law was implemented on the robot system, wherein the virtual mass and the damper were 10 kg and 20 Ns/m, respectively. Then, operating force f , slider position x and the velocity v were collected.
Based on the collected data profiles, the human behavior model is identified based on the HDS description. First, the number of modes was assumed to be three in the addressed task. Then, the following PWARX model is adopted as the hybrid human behavior model:
where x k and v k are measured input of the human, and f k+1 is an output of the human. θ j is the parameter vector in mode j. a n , b n , c n , d n and h n are the parameters of the separating planes which specifies the switching conditions of C 1 → C 2 and C 2 → C 3 . To identify the parameters in the PWARX model, the profiles of the measured data are transformed to the profiles of the feature vectors which include the local dynamics of the behavior, and the feature vectors are classified into three modes by using a k-means clustering technique. The ARX model in each mode is identified by using standard LMS Finally, the switched assist system is designed based on the identified hybrid human behavior model and the optimization. In this paper, the switched impedance controller was adopted as the basic structure of the assist system. The goal of design is to find the switching conditions of the impedance parameter and the parameter D in the mode 3(D 3 ) As for the switching condition, the identified switching condition of the human behavior was implemented on the assist controller. Furthermore, the parameter D 3 was designed so as to minimize the criterion function which reflects the task time and the force effort required during the task. This optimization was solved by executing a forward calculation of the closed loop response, which consists of the human behavior model, assist controller and the robot. As the result, we can find the optimal impedance parameter that varies from the examinee to examinee. Recently, the demand for man-machine cooperative system is growing in many industrial fields, particularly, in the cell production and the flexible manufacturing systems. In the design of man-machine cooperative system, the characteristics of the human behavior must be considered. This paper presents a new design strategy of a switched assist controller of a man-machine cooperative positioning task considering the human behavior model based on a continuous/discrete hybrid dynamical system. First, the human behavior model is identified as a Piece-Wise ARX model using the k-means clustering and support vector machine. Secondly, the switched assist system is designed as switched impedance controller based on the identified hybrid human behavior model with optimization. The optimization was solved by executing a forward calculation of the closed loop response of the human behavior model and controller with criterion reflecting the task time and the force effort. As the result, we can find the optimal parameters of switched impedance controller. Multi-Class SVM (18) PWARX χ χ 
subject to: 
